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UNIPLANAR DUAL STRIP ANTENNA 
BACKGROUND OF THE INVENTION 
Field of the Invention 



I Field of the invenno" 
' utoc ^enerallv to antennas, and more 

The present invention relates generally 

-nlanar dual strip multiple frequency antenna. The 

ci: r:— — - — — -~ 

having improved bandwidm and radiation charac.enst.es. 

L0 

devices andsystems. AUh-g „ the m basic 

-* "~ " l, e L is a structure associated with a region 
« elec*omagnetic pnnctpies. An » - ^ ^ ^ ^ 

rts - - — m an ~ a6nettc 

WaVC - A inrrease in use of personal wireless 

20 ,„ recent years, w* - — J ^ ^ 

communication devices, for suitabl e smaU antennas 

— aton ^;I (P ^:° : Leased. Recoupments in 
for sttch commun .canon ^ ^ , he siM a nd W eigh, of 

integrated circurts and battery ^ the past s evera! 

years. One area m wh, — ^ ^ ^ ^ ^ ^ pby 
device antennas. Thts ts due ^ ^ 

an important ro,e in decern - ^ 
antenna size and shape tmpacta dev « ^ 

- - T. fa "°; m" ^ In pattern, m a typica. 

communication dev.ees .s Ute ante". ^ 

appBcation. the communtc wWch can * ,„cated in 
another such device or a base statton, hub, or 
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„, numb, of dfrecuons from .he device. Consequent* if is essentia, the, 
fte an,enrt,s for such wire.ess communication devtces have an 
approximately omnidirectional radiation pattern. 

Another important factor to be considered in destgnmg antennas for 
, wire ,esscommunica«on device is the antenna's b.ndwid.h For examp* 
wire ,ess devices such as phones used with PCS communion system 
operate over a frequency band of 1.85-1.99 GHz, thus, requtnng a usefu 
lw,dft of 7,9 percent. A phone for use with .yp^ceftft, 
communication systems operates over a frequency band of 
„ which requires a bandwidth of 8.14 percent. Accordingly. « for - on 
L Js o, wireless communion devices must be designed to meet the 
bandwidth requirement or communicfion signais are severe* 

type of antenna common* used in wire,ess communication 
15 devices is the whip antenh, which is easily retracted into the device when 
Z in use. There are, however, sever., disadvantages assorted waft ft. 
wWp antenn, Often, me iwhip antenna is subjec. to damage by « - 
JL people, or surfaces, when extended for use, or even when retracted 
ft. wh,p .nfcnna U des,gned «o be retrace in order topreve. 
M such damage, it can extend across an entire dimension of the devtce 

"Ire with p,acemen, : of advanced features and circuits wiftm some 
o, the device. ,. may also require a minimum device houstng 
Cln when retracted that is larger than desired. WhUe fte an.e^can 

te configured with additional telescoping sections to reduce sue when 
be conttgu acstheHc more ftmsy or 

25 retracted, It would generally be perceiveu 
unstable, or less operational by consumers. 

Pmftermore a whip antenna has a radiation pattern ft, ts toro.da, n 
nature, tha, is, shaped Use a donut, wift a nul, a. fte center When a^eUuU 
Phone or other wire.ess device using such an antenna ts held w* the 
30 la perpendicular .0 fte ground, a, a 90 degree ang,e ft fte ^und 
to, horizontal plane, ftis nu.1 has a centra, axis ft., ts also tndmed - a * 
decree angle This generally does no. prevent recepbon of s.gnab. because 
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the antenna. However, phone use. freouenUy HI, ,heir ceUula, phones 
during use. causing any associa,ed whip an,enna «o he «,.,ed as w U. .« ha 
1 bserved .ha, cellular phone users rypically HI. .heir phones a. around 

Tdel an 8 ie relaHve .0 .he .oca, horizon ,60 degrees from vertical,. 
30 aegree 6 ln 
causing .he whip antenna to be metered at a 30 degree g 
the null cental axis afso heing oriented a. a 30 degree angle. A. .ha, angle. 
He null prevents recepHon o, inconring signals arriving a, a 30 degree eng.. 
ulrJa.e.v. inconring signals in catenae communica„on syaen* oft n 
arnve a, angles around or in the range of 30 degree, and there rs an 
basing uLihood *a,„he nrfs-oriented nul! wi« prevent recepbon o, 

SOme rL type of antenna which nrigh. appear sui,ah,e for use in 
wireless com—on devices is a conforms, ~ « 

M antennas follow the shape of * - ^ 

mounKd and generaUy exhibit a very low prohle. TTrere are s 

of conforms, an,e W a, such as patch, nucrosmp and stnphne 
Innas. Microstrip an.ennas, in particular, have recently been used 
personal communication devices. 

As the term suggests, a microstrip antetma tncludes a pat* - 
0 micros,* Cement, which is also commonly referred to as a radra, r patch, 
.ength of the micros** element is se. in relation to the wave,engte £ 
mHxM wlte a resonan. frequency h which is selected to ma, h «h 
^ ue „cy of inures, such as 800 MHz or W 00 MHz. Commonly used leng* 
o, microsn-ip elemen.s are ha„ wavelength (V.) - 1~* 
B W * AUhough, a few types o, microstrip antennas have recently been used 
ln wiK ,ess communication devices, further ^"''1^ 
.vera, areas. One such area in which a further improvemen, rs de ^ s 
reduc «on in over... size. Anomer area in which signified 
require d is in bandwidth. Current patch or microstrip an,enna destgns do n c. 
30 2ear ,o obtain the desired 7.29 to 8.14 percent or more bandwrdm 
I!L,is«cs desired for use in advanced communion sys K ms, tn a 
practical size. 
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Therefore, a new antenna structure and technique for manufacturing 
antennas are needed to achieve bandwidths more commensurate with 
advanced communication system demands. In addition, the antenna 
structure should be conducive to internal mounting to provide more flexible 
component positioning within the wireless device, greatly improved 
aesthetics, and decreased antenna damage. 

SUMMARY OF THE INVENTION 

The present invention is directed to a uniplanar dual strip antenna 
having a two-dimensional structure. The uniplanar dual strip antenna 
includes a first and a second metallic strip, each printed on a thin planar 
substrate. The first and second strips are separated by a predetermined gap or 
region of non-conductive material. According to the present invention, the 
first and second strips are Used as conductors of a two-wire transmission line. 
Air or other dielectric material deposited on the substrate between the strips 
acts as a dielectric medium between the first and second strips. In one 
embodiment of the present, invention, the length of the first strip is less than 
the length of the second strip and the width of the first strip is less than the 

20 width of the second strip. 

A coplanar waveguide is coupled to the uniplanar dual strip antenna. 
The coplanar waveguide is- constructed by etching or depositing metal on the 
substrate The positive terminal of the waveguide is electrically connected to 
the first strip. The negative terminal of the waveguide is electrically 
25 connected to both the first and second strips. Alternatively, a coaxial cable can 
be used instead of a coplanar waveguide as a feed. 

In one embodiment of the present invention, the coplanar waveguide 
has two negative terminals and a positive terminal. The- positive terminal is 
connected to the first strip. A negative terminal is connected to the second 
30 strip, while the other negative terminal is connected to the first strip. The 
negative terminals are electrically interconnected at a convenient location. 

In one embodiment of the present invention, the uniplanar dual strip 
antenna is constructed by printing, etching or depositing metallic strips on a 
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thin flexible substrate. The coplanar waveguide is also etched or deposited on 
the flexible substrate. In another embodiment of the present invention, the 
uniplanar dual strip antenna is constructed by etching or depositing metallic 
strips on a printed circuit (PC) board. This greatly simplifies the fabrication of 

the dual strip antenna. 

In one embodiment of the present invention, the first and second 
strips are approximately parallel to one another. In another embodiment of 
the present invention, the first and second strips flare out at the open end as 
they extend away from where the first and second strips are electrically 
connected to the coplanar waveguide in order to provide improved 
impedance matching with|air or free space. In yet another embodiment of 
the present invention, the first and second strips are substantially curved. A 
variety of other shapes for the first and second strips can also be used. 

The uniplanar dualstrip antenna according to the present invention 
15 provides an increase in bandwidth over typical quarter wavelength or half 
wavelength patch antennas. Experimental results have shown that the 
uniplanar dual strip antenna has a bandwidth of approximately 8 - 20% 
which is very advantageous for PCS and cellular phones. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described with reference to the accompanying 
drawings, in which like reference numbers generally indicate identical, 
functionally similar, and/or structurally similar elements, the drawing in 
25 which an element first appears is indicated by the leftmost digit(s) in the 
reference number, and wherein: 

PIGS, ia and IB illustrate a portable telephone having whip and 

external helical antennas; 

PIG. 2 illustrates a conventional microstrip patch antenna; 
30 FIG. 3 illustrates a side view of the microstrip patch antenna of FIG. 2; 

FIG. 4 illustrates a uniplanar dual strip antenna in accordance with one 
embodiment of the present invention; 
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F1GS 5A-5G illustrate lop plan views of severa. alternative 
embodiments of the present invention using souare transitions to connect 

S,riPK FI GS. 6 A.6C illustrate top P Un views of several other a.ternative 
embodiments o, ,he present invention using curved transitions ,0 connect 

^nGS 7A-7E iUustrate top p.an views o, another severe, alternative 

• „«™ utine V-shaped transitions to connect 
embodiments of the present invenhon using V snap 

S,liPS; HGS. 8 A.8G illustrate top P Un views o, additiona. a.temative 
embodLts o, me present invention using curved, angled, and compound 

strip shapes; embodiments 

PIGS 9A-9B illustrate perspective views ot sever 
of the present invention useful in certain other applications! 
15 HG 10 ...narrates assured fluency response of one embodiment 

of the present invention suitable for use in cellular phones; 

FIG. 11 IB— -sured frequency response «*« 
embodiment of me present invention suitable for use m PCS wtceiess 

^"hGS. 12 and 13 illustrate measured fieid patterns for one embodiment 

of the present invenhon; • oresent 
HG 14 illustta.es a top view of one embodiment of the present 

— oLther embodiment o, the present 

of one embodiment o, the present invention mounted within the phone of 

HC ' 1;and ^irinnal wireless device in which the present 

HG. 17 illustrates an additional wireiess 

30 invention may be used. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

1. overview and Discussion of the Invention 

microstrip antenna possesses some 
while a convent onal J communiC a,ion 

characteristics that make .. suttable for use J .^^ 

desimd in order to make tt mom ^ ^ ^ 

devices, such as cellular and PCS phone 

^—^"^11^ ,o opera, sarisractoril, 
^eapproxtmetdy op rcen ^ ^ 

Since the bandwtdth of ^ cum y ^ ^ „ 

approximately in the range of 

desired in order to be more suttable for ^ a 

mother area in which former tmprovemen. - 
^p antenna. For example, a "del* ^ „ „ used 
a^enna wou,d make a w*e,e» — J- ^ ^ or 

moK compact and aesthete. I. «, ^ communica , 10 n device a. a... 
- "* » "7» 11;*- microsriip antemta was 

wirc ,ess communication dev.ee, 

25 "I- i Ci^ a— 1. Most patch radiators radiate 

such as patch radiators, is typica y As 

devices based on their r.diadon pattern. ^ 

fc present tnvenrion provides a — o ^ ^ 
problems. The present inventton ts dtrected to P 
antenna tha, has a two-dimensional structure and operates P 
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t vol mnductor terminations. 
•a* hut with asvmmetncal conduce 
parallel plate waveguide, but ) ^ band width and a 

red uc«on in s.ae ° Ver . 0 *;. ruseinwirelcss con.municaHon devices. 

ch a t ac,eris«ics.ha t aredes, r ab.e fo ^ ^ tw0 . dime nsiona> 

Since the un.pl.nar dual stnp ^ ^ o( 

stn , ctare . U can be conformed ^ ^% or olh er wirefess 
surfaces such as the plastic housurg of a « P ^ rf 

. wirefess communicant*. * ^ ^ ^ ph(mes , 

mo un,ed adiacen, to or behmd o*e ^ ^ 

,/0 circuits, keypads, and, so forth t h ^ , 

antenna can a!so be buiK onto or mto a surface 

wirel ess communication device may be use ^ ^ ^ 

«"* — * "I r^ atchlns on obiects or surface, 
5 stli p antenna is no. suscepttble to damag^ y ^ ^ ^ 

A- smce the umpUnar £ -P-~ ^ ^ , wU , Mt consu me 
„f a wireless commun.cat.on ^ tequire 

Uuerfor space which is needed for advan^ ^ ^ a „ Knna of 

•arge housing dimension — ^ ^ autom a.ed processes 
20 the present invention can be 

reducmgl abor and costs assooated ^ ^ § ^ 

Furthermore, me uniplanar du P ^ ^ 

omnidirectional pattern, wh.ch makes 

communication devices. 

25 2. Example Environment 

;n detail it is useful to describe an 
Before describing the invents m d-d. nted . ln a 

,.,Viirh the invention can imp 
exemplary environment ,n wh.* ^ ^ ^ device , such 

30 broad sense, the inven.,0 telephones, wireless modems, 

as a personal commun.cat.on . _ receivers- 

.acsimde devices, portabie computers, wireleS s 

andsof orfn. One ^ ^ „ or otner commercia, 
telephone, such as that 
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communication services. A variety of such wireless telephones, with 
corresponding different housing shapes and styles, are known in the art. 

FIGS. 1A and IB illustrate a typical wireless telephone 100 used in 
wireless communication systems, , such as the cellular and PCS systems 
discussed above. The wireless phone shown in FIG. 1 (1A, IB) has a "clam 
shell," folding body, or flip-type telephone configuration for compactness. 
Other wireless devices and telephones employ more traditional "bar" shaped 
housings or configurations. 

The telephone illustrated in FIG. 1 includes a whip antenna 104 and a 
helical antenna 106, concentric with the whip, protruding from a housing 
102. The front of the housing is shown supporting a speaker 110, a display 
panel or screen 112, keypad 114, a microphone or microphone access holes 
116, external power source connector 118, and a battery 120, which are typical 
wireless phone components, well known in the art. In FIG. IB, antenna 104 
is shown in an extended position typically encountered during use, while in 
FIG. 1A, antenna 104 is shown retracted (not seen due to viewing angle). This 
phone is used for purposes of illustration only, since there are a variety of 
wireless devices and phones, and associated physical configurations, in which 
the present invention may be employed. 

As discussed above* antenna 104 has several disadvantages. One is that 
it is subject to damage by catching on other objects or surfaces when extended 
during use, and sometimes when retracted. It also consumes interior space of 
the phone in such a manner as to make placement of components for 
advanced features and circuits, including power sources such as batteries, 
more restrictive and less flexible. In addition, antenna 104 may require 
minimum housing dimensions when retracted that are unacceptably large. 
Antenna 106 also suffers from catching on other items or surfaces during use, 
and cannot be retracted into phone housing 102. 

The present invention is described in terms of this example 
environment. Description in these terms is provided for purposes of clarity 
and convenience only. It is not intended that the invention be limited to 
application in this example environment. After reading the following 
description, it will become apparent to a person skilled in the relevant art 
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• , om p nt 204 a dielectric substrate 208, a ground 
a JL pa.*, a. ground p.- » a, each — ^ a 

plaM . consists - a rectangu, i — — — - 

-"rSr^SS a vaHe, - -wn 

A microstnp element can De m ^ 

„ « **, pho,o « °;;; d ^ r X^ nolher 

UyK ' 0f * e f JtlTl" cot^, such as oy M 

, .• ,»™mal, 224 is connected to ground plane 212. The lengtn l 
25 (M8>hVe 'Tt 2M is generally eauai to one-haif or one-quarter 

mic, r th I. : TJX . r«J - — * 208 ,s * c T r 

(ohnson and Henry ,as*>, and is expressed by the relation^: 

30 r— 

L = 0.5A d =0.5X^1 ^e r ,or 



L = 0.25A,,= 0.25^7 JiT 
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™,Vwp I - length of microstrip element 204 

reTaHve dielectric constant of dielectric substrate 20S 
X, = free space wavelength 
X = wavelength in dielectric substrate 208 

The variation in dielectric constant and feed inductance makes it hard 
t0 predict exact dimensions, so a res. element is usuaUy buil, to detente 
exL .engrh. The thickness , is usuaUy much .ess than a wavelength, 

« ,he order of 0.01 K ■ » — • <* ^ " " 

1 se.ected va.ue o, , phased on the bandwidth over which rhe antenna 

^.operate, and is di^d in hrrfter de,a« llate^ 

The width "re" of, microstnp element 204 must be 
wavelength in the dtetectric subsrrate materia!, that is, X, so drat higher-order 
m0 des 1 no, be exited. An exception to this is where muUiple stgna, feeds 
are used to eliminate higher-order modes. 

A second microstjp anteruta common* used » the ouarie 
length microstrip antenna. The ground plane of fte ,u^e 
length microstrip antenna generaily has a much larger area ft- 1 d 
, Z microsrrip element. , The length of the microstnp element ■ 
^Laja quarter wave,eng.h at the frequency of interest ,n 
sLrate materia.. The .ength of the ground plane is approxtoute.y one ha. 
llngft a, the W - -re, in the substrate materia. One end of 
*. microstrip e.emen. is elechically connected to the ground plane. 
5 The bandwidth of a quarter wave.ength microstrip antenna de nd 

on the thickness of the die.ec.ric substrate. As stated before, PCS and cellular 
on the thtckness ^ Kly 8 p€rcen , 

wireless phone operations requrre MrC ent 
h order for a quarter wave.ength rn.cros.rip antenna .0 mee 
bandwldth requirement, the ftickness of die.ec.ic su ste te M~ «J- 
- .P— mches .or fte ceOuUr „ d = M ,^ 
05 inches for the PCS frequency bano. lnis large u 

,e in a smal, w,e.ess or persona, commun.ca.ion device, where 
ft^less o, approximate* 0* inches or .ess is desired. An antenna wtth 
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larger thickness typically cannot be accommodated within the available 
volume of most wireless communication devices. 

3. The Present Invention 

5 

A uniplanar dual strip antenna 400 which is constructed and operating 
according to one embodiment of the present invention is shown in FIG. 4. In 
FIG. 4, uniplanar dual strip antenna 400 includes a first strip 404 and a second 
strips 408, a dielectric substrate 412, and a coplanar waveguide 416. First strip 
10 404 is electrically connected to second strip 408 at or adjacent to one end. This 
end is referred to as the -"closed end" , 406, for antenna 400. 

First and second strips 404 and 408 are each printed, etched or deposited 
on dielectric substrate 412, and are each made of a conductive material such 
as, for example, copper, brass, aluminum, silver, gold or other known 
15 conductive materials, subject to known impedance and current 
characteristics. First and second strips 404 and 408 are spaced from each other 
by a predetermined gap t, which could also be filled with a dielectric material 
(normally air) such as a foam known for such uses, as desired. In one 
embodiment of the present invention, first and second strips 404 and 408 are 
20 positioned substantially parallel to one another over their respective lengths. 
In another embodiment (see, for example, FIGS. 5A-5C and 9B), the first and 
second strips flare out at an open end in order to provide better impedance 

matching with air or free space. 

A coplanar waveguide 416 having a positive terminal 420 and two 

25 negative terminals 424 and 428 is coupled to first and second strips 404 and 
408. In one embodiment of the present invention, positive and negative 
terminals 420, 424 and 428 are formed by three parallel metallic strips. The 
center strip is designated as positive terminal 420 and is electrically connected 
to first strip 404. One outer strip is designated as negative terminal 424 and 

30 the other outer strip is designated as negative terminal 428. Negative 
terminal 424 is electrically connected to first strip 404 and negative terminal 
428 is electrically connected to second strip 408. In one embodiment of the 
present invention, coplanar waveguide 416 is constructed by printing, etching 
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or depositing metal on dielectric substrate 412. Coplanar waveguide 416 is 
m ade from a conductive material, such as copper, silver, gold, aluminum or 
other known conductive materials. Alternatively, a coaxial cable can be used 
as a feed in lieu of a coplanar waveguide. 
5 Uniplanar dual strip antenna 400 has a two-dimensional structure. 

Thus, it can be conformably bonded to many surfaces, such as the plashc 
housing of a cellular phone. In one embodiment of the present invention, 
antenna 400 is etched, printed or deposited on a flexible sheet capable of 
functioning as a dielectric substrate or medium, such as Mylar, Kapton, or 
10 other known flexible dielectric material. The dual strip antenna can be 
advantageously mounted fan thin portions of wireless devices, such as the 
flip-type, clam shell or folding portion of a wireless mobile telephone, as 
discussed below. 

The lengths of first and second strips 404 and 408 primarily determtne 
15 the resonant frequency oftaiplanar dual strip antenna 400. The length of 
first and second strips 40* and 408 are sized appropriately so that first and 
second strips 404 and 408 act as a two-wire transmission line capable of 
receiving and emitting signals having a preselected desired frequency. 
The method of selecting appropriate lengths for firs, and second strips 404 
20 and 408 so as to operate asia two-wire transmission line a, a desired frequency 
is well known in the art. Briefly stated, in order for firs, and second strips 404 
and 408 to perform as a two-wire transmission line, each mus. have a length 
of approximately XI where X is the waveleng.h a. Are frequency of interest 
of an electromagnetic wave. Next, tine bandwidth of .he resulting antenna 
25 formed by .he two-wire transmission line is increased. This is done by 
simultaneously reducing .he length and the wid.h of .he firs, strip while 
increasing .he length and the width of the second strip until a destred 

bandwidth is achieved. 

Coplanar waveguide 416 couples a signal unit (not shown) to dual stnp 
30 antenna 400. Note that the signal unit is used herein to refer to the 
functionality provided by a signal source and/or signal receive, Whether 
the signal unit provides one or both of these functionalities depends upon 
how antenna 400 is configured to operate. Antenna 400 could, for example, 
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be configured to operate solely as a transmission element, in which case the 
signal unit operates as a signal source. Alternatively, the signal unit operates 
as a signal receiver when antenna 400 is configured to operate solely as a 
reception element. The signal unit provides both functionalities, in the form 
5 of a transceiver, when antenna 400 is configured to operate as both a 
transmission and a reception element. 

The antenna or strips can be formed in a variety of other shapes such 
as, but not limited to, quarter-circular, semi-circular, semi-elliptical, parabolic, 
angular, both circular and squared C-shaped, L-shaped, U-shaped, and V- 
10 shaped. The V-shaped structures can vary from less than 90 degree to almost 
180 degree. The curved structures can use relatively small or large radii. The 
width of the conductors, i.e., the first and second strips, can be changed along 
the length such that they taper, curve, or otherwise stepwise change to a 
narrow width toward the outer end (non-feed portion). As will be clearly 
15 understood by those skilled in the art, several of these effects or shapes can be 
combined in a single antenna structure. 

Several top plan views of alternative embodiments or shapes for the 
strips of the present invention are shown in FIGS. 5A-5G, 6A-6C, 7A-7E and 
8A-8F, where the last digit of the reference numerals indicates whether an 
item is a first or second strip, that is, 4 or 8, respectively. The first number 
and last character indicate d figure in which the element appears, as in 504A 
for FIG. 5A, 708B for FIG. 7B, and so forth. For purposes of clarity in 
illustration the widths for the strips used in these figures is not to scale and is 
usually the same. However, as discussed above, and elsewhere, and as would 
25 be readily apparent, these two strips will generally have differing widths to 
achieve a desired bandwidth. 

The antenna embodiments shown in FIGS. 5A-5G illustrate alternative 
shapes for the present invention using rectangular or square transitions to 
connect the strips together. That is, for the closed end of the antenna in the 
30 embodiments shown in FIGS. 5A-5G, the first and second strips are connected 
or joined together using a substantially straight conductive connection- 
element or transition strip 506 (506A-506G). In addition, further changes in 
direction for the strips relative to each other are accomplished with 
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F.rhchanee in direction involves positioning a 

„ ew pomon of «* . P ^ no( fce precUe for most 

stt ucd,re. F1G. SC shows ,ha« .he W » ^ strip can te 

plane in which the first strip lays. FIG. 5D ^ while 

0 Lea ha* around, either pa*a«y « -£* ^ . 
FIG. 5E shows ore extens.on of the fas. stop t g 

accomplished in smaller steps . au j u y _ 

sHapes for the present .nvenho us*gc ^ fe ^ ^ 

connect *e strip, - - ^ ^ ^ , ogether „ cl0 sea 

20 eC, the fas. ana element or virion stHp 60.. 

end using a curvea <°" d " Cl " „„, not Umite d to. quarter- 

S^p.oecanhaveavanervof ha « »c g ^ — of 

circular, semi-circufa, sm a„ or ,arge radii, as 

there0 , The curved s^res can « - ^ ^ ^ ^ ^ ^ 
» oesired for a par.,cu<ar apph «« ^ ^ ^ . 

foiaea to maintain an overall des.rea g „ mi . circu l„ curvea 

• nrs 5A-5G. FIG. 6A shows a generally sen, arcu 
sh own tn HGS. ^ hcular , or eUipUcaf. curved 

B ~ - HG." showfa genera,,, pacahohc curved — , These 
« ^icn Hp used in combination. 
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and second 5 .nps a, conned or joined together a. *. end- 
uing a separate conducive connection element or — n s,np o r * 
a veL sma„ one. .nstead. the firs, and second steps extend to- . 
Ion ioin, in an outward separation or Hated 
; as More, each o, the strips can be fo.ded to mam am an overall 

Uneth for the antenna structure, as shown in FIGS. 5A-5H. 

length ™ show a generaUy straight v . shaped or acute an 8 u, 

their respective lengths, but follow areolar, serpenhne « v » ? p 
» « ending outward front where .hey are connected or jomed together a, £ 
otd end usutg a conductive connection eiemen. o, transttton s.np « 
closed ena s 0 ,«- rica l case of FIG. 8G no connectmg strip 

(806A-806F), or in the circular or elliptical case 

s used. The use of compound shapes allows formation of the an^n 

«,onort substrates that also support circuitry or discrete 
structure on ^ ^ ^ dfimnfle passages around other 

25 components and devices, or to allow 

„ a single p.ane, is a conforma, or conforu £ ~ ■ - 
need not be flat. That is, by curving or shaping the supp 

a Rn effectively varv in a third 

dimensions can be curved along an arc 

dimension (here z). Several embodiments ot the present 
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.pair of strips curve or bend in .he z direction are shown in FIGS. 9A-9C. 
tL. embodiments are very useful when it is desired to place me antenna 
within certain spaces in a wire.ess device which might require the antenna to 
be "fit" around certain components or struchrres within the devtce. 
5 FIG. 9A shows .he firs, and second strips as seen in FIG. 4 afso bemg 

curved aiong their respective lengths, in a third dimension, using a simple 
curve FIG.9B shows .he firs, and second strips as seen in FIG.7A betng 
connected together in a V-shape or acute angular transition bu, viewed tn 
toe dimensions with a V-shaped offset. A more compter se, of curves or 
,0 folds are used to shape the plane in which the strips reside in FIG. 9C. 

Dual strip antenna 400 can also be constructed by e«chmg or deposing 
a metallic s.rip on two opposing sides of a dielectiic substiate and electrically 
connecting .he metallic strips together a. one end by using one or more platod 
tough vias, jumpers, connectors, or wire, In this form antenna ~ 
15 utilizes some of fire substrate material as a dielectric positioned between the 
two Ships. This is taker*, into account in designing the antenna as fa. :m 
bandwidth and other characteristics as would be well known Dual stitp 
antenna 400 can also be construct by molding or forming a plastic or other 
known insulative or dielectiic material into a suppor. structure havmg a 
2 0 desired shape (U, V, or C-shaped, or curved, rectangular, and so forth) and 
then plating or covering the plastic with conductive matena, over 
appropriate portions using well known methods, including conductive 

material in liquid form. ' 

The dielectric substrate can be secured within portions of the wtreless 
25 device housing using posts, ridges, channels, or the like formed m .he 
mat eria, used to manufacture .he housing. That is, such suppor* are 
tuolded, or otherwise formed, in .he wall of .he device housmg when 
manufactured, such as by injection molding. These suppor. elements ^can 
then hold .he substrate in position when inserted over or .n3.de o them 
30 during assemblv of the phone. Outer techniques include using an layer of 
adhesive material to secure the assembly within the device housing, or some 
ferrn of fastener or retainer interacting with holes in, or the edges of, the 
substrate. 
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As s«a.ed before, according » «- P— « » ^ ^ 
slri ps 404 and 408 ,504, 508; 604. 608; 704. 708; 804. 808 etc., operate as a two- 
wi I transmisston Une. One advance o, a two-wire « 
th a, i, does no, require a ground plane. This aUows antenna 400 ,0 be a two 
Lnsiona, structure having negfigible thickness. The ma,o„ty of .he 
of antenna 400 is determined b y the thickness of dialectic substra* 
Z. For example, a thin sheet of MyUc or Kapton having a tmckness ,n , 
Igeof 0.0005 inches .o 0.002 inches can be used as a die,ectnc sub*.*, .n 
ZL, a conventiona, micros,rip antenna designed for ceUuUr 
Id operation requires a die,e«ric substrate having a thtckness * 1* 
ntes whUe a mlostrip antenna designed for *. PCS « 
equhes a dieiectric substrate having , thickness of 0, mcfies Thus h 
Zn. invendon a„ow S substantia, reduction in the overs,! thrckness of the 

-* ■ - — - *-* — r: 

devices, such as a PCS or a cel,u,ar phone. However, those skfiled tn he a * 
!T1 di,v recognize that outer thicknesses can be used indudutg th ker 
II mainfcin edited s^tura, fn^gritv for the antenna, e,*e 
In in use or during, mounting in manufacturing or servtctng o, the 

wireless device. ©resent 
The uniplanar dual strip antenna 400 accordmg to the present 
in vendon pJides an,ncrease in bandwidth over typica, quarter wave- 
length or L,f wave-,ength pat* antennas. Experiment , resu, ^ 
shown that antenna 400 has a bandwidth of approximate* 8 - O pe™, 
which is extreme* desirab,e for PCS and ce„u,ar phones As noKd b 
S conventiona, microstrip antennas have very narrow bandwtdth. maktng 
them less desirable for use in personal communication devtces. 

ta the present invendon, the increase in bandwidth is made ^ 
prima* bv operating antenna 400 as a two-wire transmiss.on .me. rate 
ban as a conventiona, microstrip patch antenna. Unfike a — 
30 ndcrostrip patch antenna having a radiator patch and a ground pta. » 
antenna 400 bo* firs, and second strips 404 and 408 ac, as acttve radtator. In 

Cher words, me length and .he width of firs, and «-•»«»» ^ 
sized so that both the first and second strips 404 and 408 pertorm as acfive 
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radiators, the waving* or frequency of interest. During operation of 
antenna 400. surface currents are induced in the first strip as well as » the 
second strip. Initially, the present inventor selected appropriate dimensions, 
that is the length and the width, of the firs, and second strips by usmg 
5 analytical methods and EM simulation software that are well known rn the 
art. Thereafter, the present inventor verified the simulation results by 
experimental methods known in the art. 

In order to enhance the radiator or antenna bandwrdth, the 
dimensions of each s«rip> in a preferred embodiment, are chosen to estabhsh 
10 different center frequencies which are related to each other in a preselected 
manner. For example, !say that /. is .he desired center frequency of the 
antenna. The length of the shorter strip can be chosen such that its center 
frequency resides at or around /.♦ A,, and the length of the longer strip such 
that its center frequency is a. or around /. - A,. This provides the antenna 
IS with a wide bandwidth on the order of from 3A///„ to Uf/U Tha, ts, .he 
use of the ♦/- frequency Offset relative te /. results in a scheme tha, enhances 
the antenna radiator bandwidth. In this configuration, A/ is selected to be 
much smaller in magnin.de man /. (A/ « /.) so tire resonan. frequency 
separation of .he two strips is small. Its is believed fha, the antenna w.U no, 
20 perform satisfactorily if A-/ is chosen ,o be as large as /, In outer words, ,hts 
I no, intended for use as a dual-band antenna wi,h each strip acting as an 
independent antenna radiator. 

in the presen, invention, tire increase in bandwidm is achteved 
without a corresponding increase in the size of the antenna. This is contrary 
25 ,o .he teachings of conventional patch antennas in which .he bandwtdttr ts 
generally increased by increasing the thickness of .he pateh antennas, .hereby 
resulting in larger overall size of the patch antennas. 

In one example embodiment of me presen, invention, antenna 400 ts 
sized appropriated for me cellular frequency band, i.e., 824 - 694 MHz. The 
30 dimensions of antenna 400 for the cellular frequency band is given below tn 
Table 1. 
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length (LI) of first strip 404 



length (L2) of second strip 4uo 



wiHfh .WIVof first strip 404 



"width (W2) of second strip *uo_ 



"gap (t) between first and second sui^ 
404 and 408 



4.53 inches 
0.062 inches 



0.125 inches 
0.125 inches 



20 



In the above example embodiment, 1 oz copper was used to construct 
first and second strips 404 and 408, and 0.031 inch thick FR4 (a well known 
commercially available printed circuit board (PCB) material) was used as 
dielectric substrate 412. Also, the positive terminal of coplanar waveguide 
416 was connected to first 'strip 404 at a distance of 0.330 inches trom the closed 

end of antenna 400. 

FIG W shows fte measured frequency response of one embodunent of 
anterma 400 sized ,0 operate over the ceUuiar frequency « shows 
fta, fte antenna has a -15.01 dB frequency response at 825 MHz and a -1738 
dB fluency response a,;89 5 .0 MHz. Thus, the antenna has a 8.14 percent 
bandwidth. 

h anofter example embodiment of the present mvenfon antenna 
400 is sized to operate ovef the PCS frequency band. 1.85 - 1.99 GHz. The 
dimensions of antenna 400 for fte PCS frequency band is given below ,n 
Table 2. 

Table 2 



"length (LI) of first strip 4u4 



length (L2) of second strip 408 

— "V 1 nz: ac\a 



"width (Wl) of first stnp 4u4 



"width (W2) of second strip w 



"gap (t) between first and second strips 
404 and 408 , , — 



0.89 inches 



0.062 inches 



0.125 inches 



0.125 inches 



to fte above exampie embodiment, 1 oz copper was »S«d«> 
construe, firs, and second strips 404 and 408, and 0.031 inch thick FR4 (PCB 
.naterial, was used as dieiectric substrate 412. Also, fte positive termmal of 
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copunar waveguide 416 was conned ,0 firs, strip 404 a, a distance o f 0, 

PTS freauencv band. FIG. 11 shows that 
,nfpnna 400 sized to operate over the PCb frequency u 

antenna 4UU sizeu r dB response at 

.. hac a -9 92 dB response at 1.79 btiz ana a r 

bandW ^S. 11 ana 13 show the measured « P— of one 

of a „,e„n, 400 operating over the PCS .regency «^ 

o shows a Pl o, - - *. - :r— 

FIG 13 shows a plot of magnitude of the field pattern in 

I* HCS 12 and 13 show .ha, the dual strip antenna has an approximately 

SSL radiauon pattern, theceby makhrg it suitahle for use tn 

15 ^ — looped us„g a V shaped ^a . strip 
generally folded to extend inside and away 

Inductive strip 1404 which is shown as being slightly curved in the C 
conduc.nes.np ^ curvature is used .0 allow placemen, of 

25 ^I^-^-"— - — ^ ove^ll 

the order of 37.59 mm (Y) by 51.89 mm (X), which 
tensions on the ori« ^ ^ ^ ^ „, , 

corresponded roughly to tne .menu . t . nnaA 
cumshell tvpe wireless telephone where the antenna was positioned. 
30 Antel 1400 is connected to appropriare transceiver circurtry w.thm 

• , <~d section 1416. Element 1420 illustrates how 
wirete ss device using a feed s«Uon 1 ^ 

various known circuit components or devrces 
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substrate 1412, or alternatively passages or holes 1422 can be formed through 
which various components or cables extend, as desired. 

A preferred embodiment was also developed using a D shaped radiator 
strip arrangement with the second strip being much longer and wider than 

5 the first and generally extending to "wrap around" the first. Such an antenna 
structure is illustrated in FIG. 15, where an antenna 1500 is formed using 
strips 1504 and 1508 positioned or disposed on a substrate 1512. Again, the top 
portion of antenna 1500 as formed by the second strip is shown as being 
slightly curved to allow improved placement of antenna 1500 in a wireless 

10 device. 

This type of antenna can be formed as a unitized structure with the 
conductors that are used to feed the signals. The coaxial feed structure can be 
formed on the same flexible substrate (1512) as the conductors forming the 
antenna. For example, on a thin sheet of Mylar, Kapton, or Teflon based 
15 material all being well known materials in the art. An example of how this 
can be accomplished is illustrated in FIG. 15, where a long flexible signal feed 
structure or section 1520,in the form of a "coplanar waveguide" is shown. 
Waveguide 1520 terminates or connects on one end to negative feed strips 
1524 and 1528 which form part of the ground portion of a coplanar 
20 waveguide. Feed strip 1524 connects or is coupled to connecting element 1506 
while feed strip 1528 is connected to second strip 1508. A positive teed strip 
1522, or the center of feed structure 1520, is connected directly to first strip 
1504. The separation between the connection point for this feed strip and 
strip 1528 is selected to provide a predetermined impedance in accordance 
25 with the frequency being used and the length, and other dimensions, of 
conductive material 1506, as would be known. 

Positive feed 1522 is shown terminating a short distance along material 
1512 and is generally connected or coupled to, or widens to become a third 
center conductor 1526 similar to conductors 1524 and 1528. Conductor 1526 
30 extends along the length of material 1512 to connector end 1530, forming the 
center or positive portion of a coplanar waveguide . 

However other configurations including placing one or more feed strip 
conductors on opposite sides of the substrate could be used. For example the 
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(UB. « as a s g ^ conductors 

efficiency in cos«, rehab ft* and ^ ^ 

or , small conneclor 1532 wh . $ 
, „ foaded connect on a ecu* bo rd ^ 15J0 

- u^oses oMUustrafion only, and for 

and substrate 1512 used m HG. 15 a tor P rP ^ 

sk ffled in the art W.U readtly under ^ rf 

» useful and are widtin* . » „ Mch are 

using angled bends along *e leng* ^ o , „ can 

»PP— "T^TwriTcab.areused.avarletyo, 
be used for fire conductors. Oeariy. ^ ^ 

Wsandfiarnscanbeern^d. S^chM 

M the path length of conductors wh.1 ^ ^ 

appl ied to the sobsfrare or antenn, ^ waveguide 
15J8 are rypicaUy narrowed tnwtd* . ° ^ ^ 

appUcafions. The sma 1 a.r b ^ ^ 

» conductors 1524 and 152 a. ^ ^ — ^ 

When placed tns.de a w..l ^ ^ ^ „ 

feed structoreorwavegu.de 1520 a,,o ^ 

1500 r d var ;:; x - -~ - ^ 

«d within the wreless devtte. . ^ ^ ^ 

30 waveguide on a common but th.n 
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mating or collapsible joints, such as found in many wireless devices (phones, 

computers.). ^ Qf waveguide 

Alternatively, a mini coaxial line «-uu r 
(feed ) ,520 to achieve similar resuhs. For example, a known type of coax,^ 
L r cable having a 0.8 mm or ,.2 mm diame t er has shown that ,t cordd * 
osefu, in transferrins S igna,s between antenna ,500 and the co^ndm o^ 
appropriate circuitry, as desired. Other sty,es and types of conductors may be 
I'd L certain appUcations dependmg on signal transfer characters, as 

would be known. . . ^ 

nGS.,6A and ,6B illustrate side and rear cutaway sechon v.ews, 
respective*, of one embodiment of me present invention mounted w.thm 
Zhone 100 of Such phones have various interna, component 

1 ra„y supported on one or more circuit broads for performing the vanous 
ZJ. JL or desired. A circuit board ,602 is sbown ^ - « 
l5 ,02 in FIGS. ,6A and UB supporting various component such as mtegrated 
or chips ,604, discrete components ,606, such as restaurs and 
ZZL. and various Connectors ,608. The pane, display and keyboard are 
ZZ -unted on the reverse side ofboard ,602, feeing the front o, phone 
£2 ,02, with wires, conduce, and connectors (no, ahown, tnterfaa 
2 0 !, t Tous other component., .ike the battery or externa, power supply, sp^ 
.ml phone, or other similar we,, known e.ements ,0 me circuitry on board 

1M2 ' In this embodimen,, a slide-in or plug-in typ* connector 1610 is 
mo unted on the underside o, the board, near to the front of the phone, and - 
25 Xred to accept the connection end o, feeder secdon ,520 for antenn 
Z Ahemadvelv. one or more known spring contacts or dips can be used 
t0 contact conductive pads on end ,530 and electricaUy couple 
antenna ,500 to board ,602. Such spring contacts or dtps are mourned on 
circ „i, board ,602 using we,, known technics such as so,dermg 
30 conductive adhesive, and are e,edrica,ly connected to appropn 
conductors ,0 transfer signals ,0 and from dashed — ~™ 
circuits. However, other types o, connection techniques, mdudmg he . to 
sol der, or the use o, miniature coaxia, connectors .when sma,, cable ,s used, 
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are aUo known .0 be useful There may also be seized impedance 
Hhing e.ements or circuit, as desired, and as weU known, used w.,hm ,he 
wireless device to interconnect with the feed structure. 

,„ the side view of FIG. 16B. circuit board 1602 is sbown as compnatng 
5 muMp.e .avers of conducive and diefectnc materials, bonded tegefter to 
1 la, U referred ,0 in me an as a mu.H-.ayer or printed Crcur^d 
KB Such boards are we., known and understood ,n the art. Thts is 
^led as die.ec.ic materia, .ayer 1612 disposed nex, to me,a.hc conductor 
ET«U disposed nex, to dfelectt, mareria. .ayer .616 support^ or 
w loosed next I meuUic conductor .ayer 161S. Conductive vias <no, show* 
« used to mterconnec. various conduct on different .ayers or levels wft 
components on the outer surfaces Etched patterns on any gtven Uyer 
componci configuration, 
determine interconnection patterns for that layer. 5" 
either .ayer 1614 or 1618 cou.d form a ground .ayer or ground plane, as 
15 commonly referred to/ for board 1602, as womd Ibe known. 

Typically, a series of support posts, stands, or ndges 1620 are used 
—Icircl bo ards or other components wlftin the houtang ^The* can 
be formed as par, of the housing, such as when t, . formed by tmecnon 
mo Ig pJ, or ou.rw.se secured in place, such as by using adhesive 
20 o«her weU known mechanisms. In addition, mere are typtcauy one or more 
Lnfng posts 1622 used ,0 receive fasteners to secure porttons. such as 
removable covers, of housing 102 to each outer. 

As discussed earlier. an,enna 1500 can be secured within porttons o 
housmg 102 using several known techniques such as, bu, no, Umtted ,0. the 
* LTadhesives glues, tapes, potting compound, or bonding compound^ 
and -he like, known to be usefu, for this function, cor examp.e ante™ ISO 
can be supported agams, a side wa« or other portton or e.eme , of he 
wireless d v ice using an adhesive ,ayer or strip 1630 bonded ,0 substrate ^ 

• Llv secured attains, the side of the housmg, preferably 
The antenna is generally secureu again*. 

■ , „ n,„„rial or against a bracket assembly wh.ch can be 
30 over an insulating material, or agauo 

mounted in puce using bracked screws, or similar fastening efemen , . 

AUernative mechanisms for mounting or securing the antenna n 
puce are known in the art. For examp.e, ridges, channe., or ft. hke formed 
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m the material used .o manufacture «he housing can be used .0 physicafly 
secure me substrate in place. A series of protrusions or bumps can also be 
used to support the antenna, and can have various shapes as approve tor 

the desired application .».«.♦ *~ 

As seen in FIG. 16B. substrate 1512 could be curved or omerw.se ben. to 
Cosely match the strap* of the housing or to accommodate other elements, 
feature,, or components within the wireless device, In the figure, a speaker 
,632 is shown positioned with the antenna radiators or strips "wrapped 

around a portion of it. 

The substrate can be manufactured in a curved or folded shape or 
deformed during ins.aUa.ion. Using a thin substrate allows me subsnate .o 
be when ins.al.ed. sometimes providing tension or pressure agains. flexed or 
ben. adiacen. surfaces ,0 generally secure the substrate in place wrthou .he 
^ for fasteners. Some form of cap<uring is then accomphshed stmply by 
5 falling adjacent devices, component or circuit boards and covers or 
portions of -he housing that are fastened in place. However, tee ts no 
requiremen. to deform or curve the substrate either during manufacture or 
instaUation in order for the present invention to operate properly 

FIG 17 illustrates 'additional wireless devices in whtch the present 
* invention' mav be used such as , bu, no, limited to. a portable computer, 
modem, date terminal, facsimile machine, or similar portabfe elected 
device In FIG. 17. a wireless device or equipment using a w.reless devtce 
17 00 is shown having a main housing or body 1702 with an upper corner 
seeuon 1704. In the cutaway view of FIG. 17. antenna 500 is secured m place 
JS in upper comer 1704 and a cab,e or conductor set 1700 is used to connect .he 
antenna feed 516 to appropriate circuitry wi.hin .he wireless devtce. Thos 
skilled in .he art will readily understend .ha. other configurations and 
orien.a.ions are possible for me antenna within me teachings of the 

invention. m , 

30 While various embodiments of the present inventton have been 

described above, i. should be understood .ha. they have been presented by 
„av o, example only, and no. .imitation. Thus, the breadth and scope of the 
present invention should no. be limited by any of the above-descrtbed 
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u ,• - but should be defined only in accordance with the 
exemplary embodiments, but snouia v 

following claims and their equivalents. 
What I claim as my invention is: 
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! A uniplanar dual strip antenna comprising a firs, electrically 
conducive strip and a electrical* conducive second Crip — on a 
dieleCric substrate, said firs, and second strips being spaced from each Cher 

^are JL such ffia, -hey form a fivo wire —on fine for 
receiving and transmitting electromagnetic energy. 

2 The uniplanar dual strip antenna as recifed in claim 1. wherein 

of said dielectric substrate. 

3 The uniplanar dual strip antenna as recited in claim 1, wherein 
^d L and second ships comprise metallic ships depostted on me same face 
of said dielectric substrate. 

i The uniplanar dua, ship antenna as recited in d* I. wherehr 
^d firs, and second strips are formed on opposite faces of sard d,electtrc 
substrate. 

5 The uniplanar dual ship antenna as recited in claim 1. wherein 
said firs, strip is substantially parallel to said second snap. 

6 The uniplanar dua, ship antenna as recited in claim !. wherein 
said firs, and second Crips flare away from each other near an open end. 

7 The uniplanar due, Crip an,enna as rectted in claim 1. former 
comprising a coplanar waveguide having a positive and a negative termmal 
Xlr waveguide being formed by disposing meta, on ,he same ^ce o 
said suLrate. the positive .ermine, being elecricafly coup ed to £ W 
crio and the negative terminal being eleCrically coupled to sard firs, and 

, r nTsttJ;. Wherein surface crsen,s are formed on said first and second 
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strips when said uniplanar dual strip antenna is energized by electrical signals 
8 via said coplanar waveguide. 

8 The uniplanar dual strip antenna as recited in claim 1. further 
2 comprising a coplanar waveguide having positive and negative termmais 

said coplanar waveguide being formed by disposing metal on the same face of 
4 said substrate, the positive terminal being electrically coupled to said firs, and 

second strips and the negative terminal being electtically coupied to sard 
6 second strip, wherein surface currents are formed on said first and second 

strips when said uniplanar dua) strip antenna is energized by electnoal srgnals 
8 via said coplanar waveguide. 

9 The uniplanar dual strip antenna as recited in claim 1, wherein 
2 the length of said first strip is less than the length of said second strip. 

10 The uniplanar dual strip antenna as recited in claim 1, wherein 
2 the length of said first strip is equal to the length of said second strip. 

11 The uniplanar dual strip antenna as recited in claim 1, wherein 
2 the width of said first strip is less than the width of said second strip. 

12. The uniplanar dual strip antenna as recited in claim 1, wherein 
2 the width of said first strip is equal to the width of said second strip. 

13 The uniplanar dual strip antenna as recited in claim 1, wherein 
2 said dielectric substrate is a flexible sheet capable of acting as a dielectnc 
medium. 

U. The uniplanar dual strip antenna as recited in claim 1, wherein 
2 said dielectric substrate comprises Mylar having a pre-selected thickness. 

15 The uniplanar dual strip antenna as recited in claim 1, wherein 
2 said dielectric substrate comprises Kapton having a pre-selected thickness. 
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16 The uniplanar dual strip antenna as recited in claun 1, wherein 
u 7 1 of said first and second strips are sized so that said 
the length and width of said first transmitt in g signals 

uniplanar dual strip antenna is capable of receiving 
having a frequency range of 1.85 - 1.99 GHz. 

17 The uniplanar dual strip antenna as recited in claim 1, wherein 
u 7 mI of said first and second strips are sized so that said 
the length and width of said first transmi tting signals 

uniplanar dual strip antenna is capable of receiving 
having a frequency range of 824 - 894 MHz. 

, ^:: the width o, - « -* ^ 

first strip is approximately mere 
approximately 0.062 inches. 

„ The uniplanar dual strip antenna as rented in data 1. wherein 

fc i of .aidind-sriip i; = ^ri: ssr- 

approximately 0.062 inches. 
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